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1. Introduction
At the RAN1#90 meeting, the following agreements were achieved in order to reuse DL control resources for data transmission [1]: 
Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH is rate-matched around the resource set(s) when the scheduled PDSCH overlaps 

· FFS: exact configuration of a resource set including granularity.

· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).

· FFS: details of the L1 signaling 

· FFS: exact configuration of a resource set including granularity
· At least the following is supported
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
· Other forms of resource sharing between PDCCH and PDSCH are not precluded
This agreement establishes a framework for rate matching a scheduled PDSCH around semi-statically configured physical resources, for which a key use case is the multiplexing of PDCCH and PDSCH. In this contribution, we further discuss the remaining details primarily focusing on the L1 signaling.
2. Discussion
The agreement above has two main applications that have been discussed for NR operation. A first category of resource sets is configured for which rate matching of the PDSCH is always applied when the PDSCH resource allocation overlaps with such resource sets. This category targets supports of reserved resources that can be used for LTE-NR coexistence or future proofing later introduction of new features/channels/signals. 

The agreement also introduces a second category of resource sets that is more flexible in that dynamic signaling can indicate to a UE whether or not an overlapping PDSCH is rate matched on such resource sets. As mentioned a key application for this second category is the multiplexing of PDCCH and PDSCH from both the UE and network perspective. However, there are other possible applications of the RRC signaling such as indication of resource sets for which an overlapping PDSCH was punctured e.g. pre-emption of a first transmission by data of a second transmission.

Observation: semi-static configuration of resource sets has several applications including configuration of reserved resources, reuse of PDCCH resources for PDSCH and indication of pre-empted PDSCH resources.  

It should be noted that for both categories of resource sets (flexible and inflexible) the RRC signaling can be the same whereas the UE behavior may be different depending on the L1 signaling. Therefore, the granularity of the resource set configuration can be the same for both cases. 

Proposal 1: A unified resource configuration is specified for both flexible and inflexible semi-statically configured resource sets.

Several possible granularities could be considered when configuring the resource sets. Considering the CORESET configuration, first it should be noted that the frequency domain resources of a CORESET may or may not be contiguous. Secondly, a UE has no knowledge of the CORESETs configured for other UEs in the same serving cell. A general solution that also takes into account CORESETs that are not located at the beginning of the slot is to partition a part or the whole of the time-frequency region of the active BWP into several resource sets as shown in Figure 1. With this solution, a UE can be flexibly configured to assume that PDSCH resources overlapping with a given resource set are rate matched around, or mapped onto, this resource set. The configured resource sets could include all CORESETs configured within the active BWP for a UE from a network perspective, including CORESETs configured for other UEs.
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Figure 1 Illustration of resource sets with PDSCH rate matched around an overlapping resource sets
Note that multiplexing efficiency (equivalently resource utilization) depends on the size of the resource sets as the PDSCH has to be rate matched around the entire resource set. Depending on the DCI overhead that can be tolerated, finer resource set granularity could be considered down to REG bundle level. However our current preference is to assume a coarse level of granularity on the order of the configured CORESETs within the active BWP.
A bitmap of length equal to the number of configured resource sets may be included in the DCI scheduling PDSCH. Each bit in the bitmap indicates to the UE whether PDSCH is mapped onto or rate matched around overlapping resources in the indicated resource set. If the resource allocation does not overlap with a given resource set, the corresponding bit in the bit field is unused. 
The signaling overhead of the solution in Proposal 2 may be too high for some use cases. One solution to reduce the overhead is to introduce a 1-bit ON/OFF indicator instead of indicating the status of each resource set. The ON status means resources in resource sets that overlap with a given PDSCH are used for data transmission whereas the OFF status means PDSCH is rate matched around overlapping resource sets. For example, when the traffic load is quite low, there are only few UEs which are scheduled within the slot. The blockage probability between PDCCH and PDSCH is quite low and the scheduling DCI could indicate an ON indicator which means all the reserved resource set could be used for PDSCH. 
Proposal 2: Two solutions can be considered with respect to dynamic signaling for PDCCH resource reuse for PDSCH transmission
· Option 1: A bitmap of length equal to the number of semi-statically configured resource sets is included in the DCI scheduling a PDSCH. Each bit in the bitmap indicates whether PDSCH is mapped onto or rate matched around overlapping resources in the indicated resource set.

· Option 2 (lower overhead): A 1-bit ON-OFF indicator field is included in the DCI scheduling PDSCH. The ON value indicates that resources in resource sets that overlap with a given PDSCH are used for PDSCH transmission whereas the OFF value indicates that PDSCH is rate matched around overlapping resource sets.  
3. Conclusion
In this paper we discuss further details dynamic signaling of resource sets for multiplexing of PDCCH and PDSCH. We make a key observation and present two proposals,
· Observation: semi-static configuration of resource sets has several applications including configuration of reserved resources, reuse of PDCCH resources for PDSCH and indication of pre-empted PDSCH resources.  

· Proposal 1: A unified resource configuration is specified for both flexible and inflexible semi-statically configured resource sets.
· Proposal 2: Two solutions can be considered with respect to dynamic signaling for PDCCH resource reuse for PDSCH transmission
· Option 1: A bitmap of length equal to the number of semi-statically configured resource sets is included in the DCI scheduling a PDSCH. Each bit in the bitmap indicates whether PDSCH is mapped onto or rate matched around overlapping resources in the indicated resource set.
· Option 2: A 1-bit ON-OFF indicator field is included in the DCI scheduling PDSCH. The ON value indicates that resources in resource sets that overlap with a given PDSCH are used for PDSCH transmission whereas the OFF value indicates that PDSCH is rate matched around overlapping resource sets.  
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